children aged from eight months to 14.75 years were admitted to the paediatric intensive-care unit with meningococcal septicaemia in association with severe peripheral ischaemia. Of these, 13 were operated upon, eight of whom had early fasciotomies. Five children died. Of the nine survivors, one had no amputations while in the other eight 14 limb segments were amputated. We review the case histories and propose a protocol for the early management of these children. Because of improvement in resuscitation and intensive care many children with meningococcal septicaemia now survive the initial phase of shock only to develop peripheral vascular occlusion. Orthopaedic surgeons are likely to be involved in the management of this condition, but there is little guidance from the literature concerning so-called purpura fulminans except for the treatment of skin lesions.
Because of improvement in resuscitation and intensive care many children with meningococcal septicaemia now survive the initial phase of shock only to develop peripheral vascular occlusion. Orthopaedic surgeons are likely to be involved in the management of this condition, but there is little guidance from the literature concerning so-called purpura fulminans except for the treatment of skin lesions. 1 There are two distinct forms of meningococcal disease in early childhood, meningitis and meningococcal septicaemia. The rate of mortality in meningococcal meningitis remains low at 5%, but that from meningococcal septicaemia and shock has, until recently, been 50% to 60%. 2, 3 The predominant problem in meningococcal septicaemia is circulatory failure and shock which may result in loss of a limb as well as loss of life. The symptoms of meningococcal septicaemia do not resemble those of meningitis and include a short history of pyrexia, vomiting, muscle ache, shivering and rigors, but no mental confusion. This is rapidly followed by a petechial rash, respiratory and circulatory collapse with an increase in pulse rate, cold and often mottled peripheries and oliguria or anuria.
One of the long-term problems faced by children who survive is loss of a limb secondary to ischaemia. While much has been written on the medical management of meningococcal septicaemia, we could find no reference to the use of fasciotomies in these children to prevent loss of the limb. We present our experience in 14 cases.
Case reports
Between March 1993 and February 1999, 14 children were admitted to the Paediatric Intensive Care Unit at St Mary's Hospital, London with a diagnosis of meningococcal septicaemia associated with severe peripheral ischaemia. There were seven boys and seven girls. Their ages ranged from one year to 14.75 years and 11 were under four years of age. All 14 children presented when they had had pyrexia for less than 24 hours and all developed a petechial rash within 24 hours of the onset of symptoms. In four of the children vomiting was an early symptom, three had muscle ache and the remainder were simply generally unwell. Nine of the children had been seen by their general practitioners and three had been given benzylpenicillin immediately. After initial treatment at other hospitals 12 children were subsequently transferred to our unit. The other two had presented directly to the Accident and Emergency Department. All were admitted within 24 hours of the onset of the illness.
All had evidence of peripheral circulatory collapse with peripheral ischaemia early in the course of their illness. All required intubation and ventilation as well as aggressive replacement of fluids, antibiotics and inotrope support therapy in an attempt to treat the purpura fulminans. Protein C and antithrombin III supplements were given to 12 children and 11 received an infusion of prostacyclin. Nine received heparin intravenously and nine tissue plasminogen activator. Five children required peritoneal dialysis for acute renal failure and four were given fresh frozen plasma.
Of the 14 children, 13 had some form of surgical treatment, eight undergoing fasciotomies in an attempt to save life and limit the extent of limb loss. The case histories and surgical treatment are summarised in Table I . 
Discussion
Five of the 14 children died. Of these, one had had no operative procedure and one (case 1) had had a below-knee amputation without previous fasciotomy. The other three had undergone fasciotomies, but did not come to amputation. Had any of these children survived, however, it is likely that further operations, including amputations, would have been necessary.
In 1992, Genoff et al 4 reviewed six children with meningococcal-induced purpura fulminans, none of whom had fasciotomies. Five of the six children required amputation of 14 limb segments. In our group, there were nine survivors, five of whom had had early fasciotomies. Despite this, six of the nine had formal amputation of 12 limb segments. Three children had bilateral and one a single below-knee amputation. Of the other two, one had delayed amputation of both feet and in the other (case 12) all four limbs were amputated. Three children lost fingers and two had extensive problems with the preserved limbs. Clearly, damage to the musculature of the lower limb in these children is more severe than that in the upper limb; only four of the 14 children lost any part of the upper limb. The number of children in our study is too small and the pathology too varied to allow statistical analysis, but it can be stated that there is no correlation between survival and preservation or sacrifice of a limb. Early amputation does not appear to be an option for treatment.
This review raises the questions as to whether early fasciotomy affects survival and can it preserve limbs?
In the early cases in our series, the patients who survived had early fasciotomies. Those who had late or further fasciotomies died and this raises the possibility that the excessive loss of fluid and protein from the sites of the fasciotomy may have been a contributory factor. In these early cases, compartment pressures were not measured. The decision was made on clinical grounds when the circulation to the limb was in jeopardy with a proximal area of tight, swollen, ischaemic skin. The compartment pressures were measured in one patient (case 7). They were raised significantly in the left limb, but bilateral fasciotomies were done on clinical grounds.
Venous thrombosis associated with infarcted skin often results in the development of extensive tissue oedema and a compartment syndrome (Fig. 1) . Compression of the arterial and venous circulation to the periphery may develop in a few hours in children who require large volumes of fluid replacement. Although there was a risk of bleeding and protein loss at the site of the fasciotomy, particularly in those children on anticoagulation, there was a rapid improvement in the perfusion of the limbs after the procedure.
The dilemma is exemplified by one patient (case 10). The opportunity for early fasciotomy was not taken because of severe bleeding problems. There was oozing from the sites of intravenous therapy. Her calves were not particularly tight although the compartment pressures may have been raised. She survived, but she required bilateral below-knee amputations. Would fasciotomy have preserved her limbs or risked her life because of excessive bleeding from the sites of the fasciotomy?
Another patient (case 12) had fasciotomies on the basis of measured compartment pressures. She survived but also lost both her lower limbs. The incisions for the fasciotomy added to the problems of healing of the amputation stumps which were probably made worse by her poor nutritional state requiring prolonged parenteral nutrition.
There is little to suggest that fasciotomy of the upper limbs aided survival or preservation of the limb. Only two patients had such procedures. Both were delayed and carried out after that of the lower limb. Neither child survived. In all other children with involvement of the upper limb, the consequence of purpura fulminans has been mainly the loss of fingertips, whereas loss of protein from the sites of fasciotomy of the upper limb has been severe. On this evidence we would recommend that fasciotomy of the upper limb is not necessary.
It is important to keep a careful watch on the state of perfusion of the periphery of all patients with purpura fulminans. Impairment of the blood supply may be further exacerbated by plasters and tape used to secure intravenous cannulae. As the tissues swell, these produce circumferential constriction, contributing to the ischaemia. In one patient (case 13) an intra-arterial line caused distal ischaemia of the limb which improved when it was removed.
Fasciotomies should be considered early in patients with tense, swollen limbs and distal ischaemia. In our series, compartment pressures were not measured in the early cases and the decision to perform a fasciotomy was made on clinical grounds. It was felt that to make this decision solely on measurement of the compartment pressures could be detrimental to survival. Increased pressure within a compartment is supportive evidence for fasciotomy, but not an indication in itself. Bleeding problems and distal ischaemia must be taken into account.
It is difficult to draw firm conclusions from our study, but we believe that a picture is emerging of how these children should be managed surgically.
We recommend the following protocol. All children with meningococcal sepsis should be transferred to a paediatric intensive-care unit. The most important part of the management of the child with meningococcal septicaemia is early and aggressive replacement of fluid with intubation, ventilation and inotrope support. 5 Surgical management for those with purpura fulminans and peripheral ischaemia should be carried out immediately preferably by one team which may be orthopaedic, vascular or plastic depending on local circumstances. The advantage of having only one team involved is the ability to concentrate experience and to coordinate help and advice from other specialties. We suggest that the immediate treatment should be under the paediatric orthopaedic surgeon because as rates of survival improve, he will be involved in late reconstruction procedures, and it is an advantage to have been involved at the outset. Early referral to the vascular surgeon is recommended for Doppler and Duplex studies. The plastic surgeon may be involved early, but his role is more relevant after the acute phase. It is important that the surgeon who does the fasciotomy is also involved in the amputation if this becomes necessary. Doppler and Duplex studies should be done on all limbs with peripheral ischaemia and compartment pressures measured. When there is peripheral ischaemia in the presence of raised pressures in the lower limb, fasciotomy is indicated if the rash has been present for less than 24 hours and there is no contraindication such as excessive bleeding. In doing a fasciotomy, the skin incision should not be excessive, but the fascial incision must be (Fig. 2) . The incision should be lightly packed with paraffin gauze and dressings. The limb must not be tightly bandaged. The dressings should be changed every 48 hours and secondary closure or skin grafting delayed until the child is stable.
Amputation should be delayed since the end result as regards loss of tissue may be less than predicted at the initial presentation. The limb should be left to demarcate and only debrided if a source of infection is suspected. Amputation should be carried out as an elective procedure with the aim of giving the child a stump for life. It should be carefully planned and expertly carried out.
With improved medical care, the need for early surgical intervention should diminish. At present, surgeons face the decision as to whether to carry out fasciotomies or not. We recommend that they are indicated only in the first 24 hours from the onset of purpura fulminans and are confined to the lower limb when there are no contraindications such as a bleeding diathesis.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Fig. 2 Case 9. Photograph showing areas of skin demarcation, the remains of the petechial rash on the left thigh and fasciotomy wounds with healthy underlying muscles.
